Abstract. Malassezia species are commensal organisms of human and animal skin that occasionally act as opportunistic pathogens. The lipid-dependent species are associated with human skin disorders, whereas the non-lipid-dependent species (Malassezia pachydermatis) is considered as an opportunistic secondary pathogen affecting the canine skin surface and ear canal. This study evaluated the relationship between Malassezia yeasts, their population size, and the occurrence of skin lesions from healthy and skin-diseased dogs. The efficiency of cytological examination and fungal culture for Malassezia detection was also evaluated. From March 2002 to July 2003, 33 healthy dogs and 54 dogs with pruritic localized skin diseases were examined; skin swabs (1218) were collected from 7 anatomical sites for culture and cytological examination. Malassezia prevalence according to anatomical site and the agreement between cytological results and fungal cultures were statistically analyzed. Differences in mean colony forming unit counts between positive healthy and diseased dogs were evaluated using the Bonferroni test for post hoc pair-wise comparisons. In healthy dogs, Malassezia yeasts were most frequently isolated in the perianal and perioral areas. The frequency of isolation and population size of Malassezia species were higher in dogs with localized dermatitis, especially in affected areas, indicating a role for Malassezia in the occurrence of skin lesions. Malassezia pachydermatis was the species most commonly cultured from the skin and external ear canal of healthy and diseased dogs; isolation of lipid-dependent yeasts from healthy dogs was less frequent. Using fungal culture as the gold standard, cytological examination showed good relative specificity (95%) but very low relative sensitivity (30%).
Introduction
Malassezia organisms are lipophilic, nonmycelial, unipolar budding yeasts characterized by a thick cell wall. 35, 43 Malassezia species have been recently reclassified on the basis of morphology, genomic composition, and physiological characteristics of the yeasts. 17, 35 Currently, 10 species are included in the Malassezia genus: 9 lipid-dependent species (M. dermatis, M. furfur, M. globosa, M. japonica, M. nana, M. obtusa, M. restricta, M. slooffiae, and M. sympodialis) and only 1 non-lipid-dependent species (M. pachydermatis). 17, 19, 22, [35] [36] [37] Malassezia species are commensal skin organisms of warm-blooded vertebrates that can sometimes act as opportunistic pathogens. 15, 18, 29 In particular, the patho- genic role of Malassezia species seems to be related to disturbances of the normal physical, chemical, or immunological mechanisms restricting microbial colonization of the skin and to the production of phospholipases. 7, 18 The 9 lipid-dependent species are frequently associated with human skin disorders, whereas M. pachydermatis is considered to be an opportunistic secondary pathogen growing on the skin surface and in the ear canal of wild and domestic carnivores. 18, 25 Occasionally, M. pachydermatis, possibly of canine origin, has been reported to cause nosocomial systemic infection in humans. 28, 40 In recent years, some lipiddependent species such as M. furfur, M. globosa, and M. sympodialis also have been isolated from the ears and skin of healthy and diseased dogs and cats. 4, 9, 10, 33 The isolation of lipid-dependent Malassezia species such as M. furfur has stimulated a controversial debate among mycologists because M. furfur had never been found in pet carnivores. 16 The frequency and population size of M. pachydermatis vary markedly among different anatomical sites in dogs. 1, 2, 5, 6, 18, 23 These parameters are probably affected by the presence of concomitant seborrheic, atopic, and allergic dermatitis in dogs with skin disorders or Crossbreeds  26  9  4  8  9  30  56  Boxer  3  1  4  4  Breton  3  3  3  Cocker Spaniel  1  1  Dalmatian  1  1  1  German Shepherd  2  3  1  6  10  12  Setter  2  1  1  3  Siberian Husky  3  3  3  Yorkshire  1  3  3  4  Total  33  15  6  9  24  54  87 otitis (or both). 2, 3, 5 The frequency and population size of M. pachydermatis also depend on the dog breed. 3, 24, 32 It appears that no studies are available on the frequency and population size of Malassezia species in dogs with pruritic skin lesions localized in a single body area.
The role of Malassezia species as a primary cause of dermatitis has been never demonstrated but may be presumed when there is a good clinical and mycological response to antifungal therapy. 4 Although cytological, cultural, and histopathological techniques may be used to detect Malassezia yeasts, it has not yet been determined which of these techniques are most efficient. 18 The purpose of this study was to improve the knowledge of the most suitable diagnostic methodologies for Malassezia spp. and also to acquire insights into the pathogenicity of these yeasts by determining the frequency of isolation and population size of different species of Malassezia retrieved from anatomical sites of healthy and skin-diseased dogs.
Materials and methods

Dogs and sampling procedures
From March 2002 to July 2003, 87 privately owned dogs were clinically examined and grouped as follows.
Healthy dogs. Thirty-three dogs were in good general health with no history of skin or ear diseases in the preceding 5 mo. These dogs had not been administered any medication during the same period. Dogs in this group belonged to various breeds and crossbreeds (Table 1) and were aged between 6 mo and 10 yrs (median 5 yrs): 14 were females and 19 males.
Dogs with skin diseases. Fifty-four dogs with pruritic skin diseases localized in only 1 anatomical site: 15 dogs presented dermatitis in the perioral area, 9 in interdigital regions, and 6 in the inguinal area. Twenty-four dogs had external otitis. Dogs in this group belonged to different breeds and crossbreeds (Table 1 ) and were aged between 5 mo and 10 yrs (median 3 yrs): 26 were females and 28 males. The pruritus was diagnosed on the basis of both clinical observation and the owners' reports.
All the dogs included in the study came from the province of Bari (Apulia, Southern Italy). Samples were systematically collected from 7 anatomical sites (periorbital, perioral, dorsal area of neck, perianal, inguinal, interdigital, and external ear canal) of all animals.
Two adjacent areas (25 cm 2 ) were sampled for each site using 2 sterile cotton swabs moistened with sterile saline (0.9% NaCl) solution 32 : one swab was used for culture and the other for cytological examination. The samples from the interdigital, perioral, periocular areas, and the external ear canal were obtained by swabbing the entire area (including zone with hair) and the right external ear canal, respectively. A total of 1,218 swabs were collected.
Mycological culture
The samples were inoculated on modified Dixon agar within 2 hr of collection 2,29,39 in 9-cm Petri dishes and incubated at 32 C for 7 days. Because no more than 300 nonconfluent colonies of Malassezia per plate can be clearly identified by visual inspection, the maximum number of colonies counted per plate was 280. The results were reported as number of colony forming units (CFU) per swab. Four colonies from each positive sample were subcultured in modified Dixon agar for identification using the different Tween (i.e., 20, 40, 60, 80) assimilation method, as previously described. 20 The tryptophan and cremophor EL (PeG 35 castor oil) a assimilation test and the splitting of esculin were used as additional tests for the differentiation of lipiddependent yeasts. 26, 27 Cytological examination
The population size of Malassezia was determined by cytological examination of the swabs collected above. Each swab was rolled on a clean glass slide and stained using May-Grunwald Giemsa for microscopic examination. The results were considered positive if more than 5 cells or more than 10 Malassezia yeasts, for skin sites and the ear canal, respectively, were observed in 5 random fields at 40ϫ magnification. 34 The results were considered negative if less than * a-i: Statistically significant differences (P Յ 0.05) are marked with the same letter. Comparisons were made vertically (comparing the mean CFU of each site in different groups) and not horizontally (comparing anatomical locations).
cells or 10
Malassezia yeasts were present in 5 random fields at 40ϫ magnification because cytology showing Ͼ5-10 yeasts per 40ϫ microscopic field seems to be a reasonable limit, as established in the literature, to indicate a probable infection by Malassezia species. 14, 34 Statistical analysis Dogs were considered as carriers of Malassezia if the fungal culture examination yielded positive results. Differences in Malassezia prevalence among healthy dogs and dogs with lesions, in relation to sampling sites were evaluated by chisquare test or Fisher's exact test. Agreement between the results of the cytological examination and of the fungal culture was measured using the k statistic. The sensitivity (Se) and specificity (Sp) of the cytological examination were calculated, using the results of the fungal culture as gold standard. Differences in mean CFU in positive dogs were tested by analysis of variance (ANOVA), using the Bonferroni test for post hoc pair-wise comparisons. The ANOVA was also used to compare the mean CFU in healthy dogs and dogs with lesions that had a negative cytological examination. The mean CFU (70 CFU) calculated from sites of healthy dogs with a negative cytological examination but positive fungal culture was then used to discriminate between sites from healthy dogs and dogs with lesions. A value of P Յ 0.05 was considered to be statistically significant. The software programs used were SPSS (version 11. Table 2 .
Results
Malassezia
In healthy dogs, Malassezia species were isolated at 1 or more sites. The perianal region was the most frequently colonized (60.6%) and the inguinal area (3.0%) the least. The prevalence of Malassezia species in healthy dogs was generally lower than that in dogs with lesions. This difference was statistically significant for the inguinal and interdigital areas and for the external ear canal (Table 2 ). In dogs with lesions, the highest rate of isolation was in the site of the lesions. In particular, Malassezia species were isolated from all the dogs with inguinal and interdigital lesions and less frequently from dogs with lesions in other regions (Table 2). Furthermore, in dogs with lesions, Malassezia species were also isolated from regions without skin disorders ( Table 2) .
The mean population size of Malassezia yeasts in positive dogs is reported in Table 3 . Although these data are not statistically significant, the population size was greater from the diseased than from the lesionfree regions either from the same animals or from healthy dogs. The highest numbers of Malassezia yeasts were recovered from the perioral area (182.22 CFU/swab) and the external ear canal (185 CFU/ swab).
Comparison between fungal culture and cytological examination. The performance of cytological examination compared with fungal culture, in terms of agreement, Se and Sp calculated on 598 samples, is shown in Table 4 . Overall, cytological examination showed a poor agreement with the results of fungal culture. In fact, cytological examination showed a good relative specificity (around 96%: low number of false-positive results) but very low sensitivity (around 30%: high number of false-negative results). The population size of Malassezia yeasts (expressed as mean CFU) in healthy dogs and dogs with lesions and a negative cytological examination are reported in Table 5 . The mean CFU calculated on healthy dogs with a negative cytological examination (CFU ϭ 70) yielded a correct classification as negative in 210 out of 234 (90.7%) sites on healthy dogs and as positive in 27 out of 51 (52.9%) sites from dogs with lesions.
Discussion
Yeasts of the Malassezia genus were recovered from at least 1 cutaneous site on healthy dogs. The perioral area and external ear canal were the sites from which the highest number of yeasts were isolated. The inguinal area, periocular area, dorsal area of neck, and interdigital webs had the lowest frequency of isolation and the smallest population size of Malassezia yeasts. The high frequency of isolation from the perianal area is in agreement with previous reports 2, 6 and suggests that the perianal area may act as a carrier site for Malassezia species. The low frequency of isolation and the small yeast population size from the inguinal area are also in agreement with a previous study on healthy dogs. 6 However, the low population size registered from the interdigital area is in contrast with previous results 6 and is probably because of differences in sampling procedure. Indeed, differences in sampling technique may be an important factor when variable results are obtained in studies of cutaneous microflora. 31 Various methods have been used to collect material for cytological and cultural examinations of Malassezia species. Cytological techniques include impression methods using glass slides, cotton swabs, skin scraping, and tape strip preparation, 1, 23, 32 whereas mycological cultures may be obtained from cotton swabs or directly with contact plates. 2 Some of these techniques may be less sensitive than others, but none has yet been accepted as a standard. 1, 2, 6, 23, 32 On the basis of the empirical evaluation of this study, cotton swabs were considered to be the most reliable technique because they may be used for both cytological examination and culture and are easy to use. It is well known that cytological examinations of the ear or skin of dogs detect a small number of commensal organisms. 8, 12, 13, 41, 42 A low number of Malassezia yeasts (about 10 for the ears or about 5 for the skin) present in several fields at 40ϫ magnification is usually considered a normal finding. 14, 18, 32, 34 The results of this study highlight the good specificity of cytological examination compared with the fungal culture because only 9 of 598 samples examined by both techniques were positive by cytological examination but negative by fungal culture. These 9 samples had an overgrowth of zygomycetes in the culture, making it impossible to recover other fungi that might have been present in them. However, negative cytological examination results were obtained from culture-positive samples from animals both with and without lesions (54.2% and 15.3%, respectively). There was a statistically significant difference (P Ͻ 0.05) between animals with and without lesions in the number of yeasts isolated (119.72 vs. 69.94 CFU).
The cytological examination proved to be useful for diagnosing dermatitis or otitis (or both) by Malassezia spp. only when at least 10 yeasts for the ear or 5 yeasts for the skin were present in 5 fields at 40ϫ magnification. When animals with otitis or dermatitis yield negative results by cytological examination, it is necessary to culture the specimen to exclude the suspicion of infection by Malassezia species. It seems likely that a number higher than 70 CFU could be indicative of infection by Malassezia spp. Among the dogs with pruritic erythematous localized dermatitis, all those with lesions in the inguinal and interdigital regions yielded positive cultures for Malassezia yeasts, whereas positive cultures were less frequent in the animals with lesions in the perioral area and with otitis. Significantly higher frequencies (P Ͻ 0.05) of isolation of Malassezia yeasts were obtained from sites with lesions than from the same sites on healthy dogs. Similarly, dogs with skin lesions presented a higher population density in other (lesion-free) sites than the density at the same sites in healthy dogs (Table 3) . These results are in contrast with other studies reporting equivalent frequencies of isolation of Malassezia spp. from healthy dogs and from dogs with skin diseases. 11, 12 Malassezia species overgrowth in sites of infections and the higher number of yeasts recorded in other sites without detectable skin lesions could be a chance finding possibly because of scratching induced by pruritus. Indeed, a greater population density of Malassezia yeasts was recorded from the perioral area in dogs with lesions on the inguinal area (because of the dogs licking the inguinal area) and from the interdigital webs in dogs with lesions in the perioral area (because of the dogs scratching themselves).
The factors associated with the proliferation of Malassezia species and the transition from a commensal organism to an apparent pathogen are poorly understood but presumably reflect disturbances of the normal, physical, chemical, or immunological mechanisms, which restrict microbial colonization of the skin. 18, 30, 34 The overgrowth of the yeasts in infection sites seems to play an important role in inducing disease because when a large inoculum of M. pachydermatis is applied to the external ear canal of healthy dogs, it induces otitis externa. 21, 38 The frequency and population size of M. pachydermatis vary markedly between different breeds of dogs, and different studies have pointed out that Basset Hounds, Dachshunds, Cocker Spaniels, Westies, Poodles, and Australian Silky Terriers were the breeds with the highest risk of infections. 3, 24, 32 Nevertheless, in this study, no correlation between the presence of Malassezia species and dog breeds was analyzed because the majority of the dogs examined (64%) were crossbreeds.
Regarding the species isolated, M. pachydermatis was most commonly cultured from the skin and external ear canal both in healthy dogs and in dogs with skin diseases. The isolation of lipid-dependent Malassezia species from dogs was less frequent and occurred only in healthy dogs. Classically, lipid-dependent species have only been reported in association with human skin, and M. pachydermatis was considered the only species that could be isolated from animals. The presence of lipid-dependent species in carnivores was recently suggested by their presence on the ears and skin, initially in cats 4 and later in dogs. 9, 33 The isolation of the lipid-dependent species from dogs in this study suggests a potential role of these animals as carriers for humans. Furthermore, the finding of the lipid-dependent species is of importance because it suggests that culture media such as Dixon agar should be used in addition to media without lipid supplementation. The identification of lipid-dependent yeasts such as M. furfur, although supported by biochemical assays, needs molecular confirmation. Finally, the data from this study provide helpful insights into the occurrence of Malassezia species in healthy dogs and in dogs with pruritic skin diseases, confirming the importance of both cytological examination and culture for the diagnosis of Malassezia infections.
